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Description 

Background of the Invention 

[0001 ] The present invention relates generally to a va- 
por generator for use in vapor deposition equipment. In 
particular, the present invention relates to a vapor gen- 
erator designed for the requirements of vapor phase epi- 
taxy and other chemical vapor deposition equipment. 
[0002] Group lll-V compound semiconductor materi- 
als including different monociystalline layers with vary- 
ing compositions and with thickness ranging from frac- 
tions of a micron to a few microns are used in the pro- 
duction of many electronic and optoelectronic devices 
such as lasers and photodetectors. Chemical vapor 
deposition methods using organometallk; compounds 
are typically employed in the chemical vapor deposition 
fCVD") art for the deposition of metal thin-films or sem- 
iconductor thin-films of Group lll-V compounds. Com- 
pounds typically used as precursors in CVD for the sem- 
iconductor industry include cyclopentadienyl magnesi- 
um ("CpgMg"), trimethyl aluminum ("TMA"), trimethyl 
gallium ("TMG"), triethyl gailium (*TEG"). trimethyl anti- 
mony (TMSb"). dimethyl hydrazine ("DMHy"), trimethyl 
indium (TMr) and the like. Solid precursors, such as 
TM I, are used In the metal-organic-vapor-phase-epitaxy 
{"MOVPE") of indium containing semiconductors. 
[0003] Typically, such solid precursors are placed in 
a cylindrical vessel or container referred to as a "bub- 
bler" and subjected to a constant temperature wherein 
the solid precursor is vaporized. A carrier gas, such as 
hydrogen, is employed to pick up the precursor com- 
pound vapor and transport it to a deposition system. 
Most solkl precursors exhibit poor and erratto delivery 
rates when used in conventional bubbler-type precursor 
vessels. Such conventional bubblers include both bub- 
bler vessels having a dip-tube attached to the Inlet, see 
for example U.S. Patent No. 4,506,815 (Melas et al.), or 
the gas-feeding device as disclosed In U.S. Patent No. 
5,755,885, whk:h has a plurality of gas-ejecting holes in 
the dip-tube to introduce the carrier gas into the contain- 
er. Such conventional bubbler systems can result In a 
non-stable, non-unifomi flow rate of the precursor va- 
pors, especially when solid organometallic precursor 
compounds are used. Non-uniform flow rates produce 
an adverse affect on the compositions of the films, par- 
trculariy semiconductor films, being grown In MOVPE 
reactors. 

[0004] Other bubbler systems have been developed, 
such as that developed by Morton International, Inc., 
whk:h eliminates the use of a dip-tube. However, while 
such dip-tube free bubblers were found to provide a uni- 
form flow rate, they failed to provide a consistently high 
concentration of precursor material. The inability to 
achieve a stable supply of feed vapor from solid precur- 
sors at a consistently high concentration is problematic 
to the users of such equipment, particulariy in semkx)n- 
ductor device manufacture. The unsteady organometal- 



lic precursor flow rate can be due to a variety of factors 
including progressive reduction in the total surface area 
of chemical from which evaporation takes place, chan- 
neling through the solid precursor compound where the 

5 carrier gas has minimal contact with the precursor com- 
pound and the sublimation of the precursor solid mate- 
rial to parts of the bubbler where efficient contact with 
the carrier gas is difficult or impossible. 
[0005] Various methods have been adopted to over- 

10 come the flow problems such as the use of revers flow 
bubblers, the use of dispersion materials in the precur- 
sor materials, employing difFuser plates beneath the bed 
of solid precursor material, employing conical cylinder 
designs and beating on the cylinder to de-agglomerate 

15 the solid precursor material. For example, U.S. Patent 
No. 4,704,988 (Mellet) discloses a bubbler wherein the 
vessel is separated by a porous partition into first and 
second compartments. In this design, the precursor ma- 
terial is contained in the first compartment in a liquid 

20 state and when vaporized diffuses through the partitbn 
into the second compartment where it contacts and is 
entrained in a carrier gas for transport from the vessel 
into the appropriate deposition chamber 
[0006] U.S. Patent No. 5.603.169 (Kim) discloses a 

25 bubbler design having lower and upper porous plates 
through which the carrier gas passes. The lower porous 
plate is located above the carrier gas feed Inlet and sup- 
ports the solid precursor material. In operation, canier 
gas passes through the lower porous plate before con- 

30 tacting the solid precursor material. A compressing plate 
is located above the lower porous plate for pressing the 
precursor material by its weight. Such bubbler design is 
quite complex and suffers from a problem of fluidizing 
the solid precursor material due to canier flow through 

35 the porous plug before passing upward, I.e. against 
gravity, through the bubbler. This causes changes In the 
effective area of the solid precursor material which ad- 
versely affects the performance of the bubbler 
[QOOT] Conventtonal bubbler designs fail to provide a 

40 unrfomi flow rate with maximum pick-up of precursor 
material. There is thus a continuing need for stable flow/ 
pbk-up of solid precursor material vapor. Further, there 
is a need for bubbler devices that are tailored to provide 
a unlfonm and high concentration of precursor material 

45 vapor until total depletion of the vapor source. 

Summary of the Invention 

[0008] It has been surprisingly found that the bubbler 
50 designs of the present invention provide a stable flow 
rate of precursor material vapor, provide a high concen- 
tration of precursor vapor in the carrier gas. can be used 
at tower pressures than conventional bubblers, and pro- 
vides maximum contact of the carrier gas with the pre- 
55 cursor material. 

[0009] In one aspect, the present invention provides 
a device for providing vaporized organometallic com- 
pound to a chemk:al vapor deposition system including 
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a vessel having an elongated cylindrical shaped portion 
having an innersurf ace defining a substantially constant 
cross-section throughout the length of the cylindrical 
portion, a top closure portion, a bottom closure portion, 
and inlet and outlet chambers in fluid communication 
and separated by a porous etement, the top closure por- 
tion having a fill plug and a gas inlet opening, the fill plug 
and gas inlet opening communicating with the inlet 
chamber, the outiet opening communicating with the 
outlet chamber, the inlet chamber having a conical 
shaped lower portion containing the porous el^ent, the 
porous element being spaced from the bottom closure 
portion. 

[001 0] In a second aspect, the present Invention pro- 
vides a method for providing organometalllc precursor 
compound in the vapor phase to a chemical vapor dep- 
osition system including the steps of: a) introducing an 
organometalllc precursor compound into the device de- 
scribed above; b) heating the organometalllc precursor 
compound; c) passing a carrier gas through the organo- 
metalllc precursor compound to provide a gas stream 
containing vaporized organometallic precursor com- 
pound; and d) delivering the gas stream to a chemical 
vapor deposition system.. 

[0011] In a third aspect, the present invention pro- 
vides an apparatus for chemical vapor deposition of an 
organometalllc precursor compound including the de- 
vice described above. 

Brief Description of the Drawings 

[0012] 

Fig. 1 1s a cross-sectional view illustrative of a con- 
ventional dip-tube bubbler. 

Fig. 2 is a cross-sectional view illustrative of a bub- 
bler of the present invention having an annular de- 
sign. 

Fig. 2A is a cross-sectional view of the conical sec- 
tion of the inlet chamber of the bubbler of Fig. 2. 

Fig. 3 is a cross-sectional view illustrative of a bub- 
bler of the present invention having a non-annular 
design. 

Fig. 3A is a cross-sectional view of the conical sec- 
tion of the inlet chamber of the bubbler of Fig. 3. 

Detailed Description of the Invention 

[0013] As used throughout the specification, the fol- 
lowing abbreviations shall have the following meanings 
unless the context clearly indicates othenwise: cm = cen- 
timeter, socm = standard cubic centimeter per minute; 
and C = degrees Centigrade. Alt numerical ranges are 
inclusive and combinable. 



[001 4] The vapor generator or bubbler of the present 
invention is designed to eliminate poor and erratic de- 
livery rates exhibited by Icnown designs as well as their 
inability to provide complete uniform depletion of the or- 

5 ganometallic precursor material. 

[0015] The bubbler of the present invention includes 
a dual chambered cylindricalty shaped vessel for pro- 
ducing vapors of solid organometalllc precursor using a 
canier gas. Such bubblers have an elongated cylindrical 

10 shaped portion having an inner surface defining a sub- 
stantially constant cross-section throughout the length 
of the cylindrical portion, a top closure portion, a bottom 
closure portion, and inlet and outiet chambers in fluid 
communication and separated by a porous element, the 

15 top closure portion having a fill plug and a gas inlet open- 
ing, the fill plug and gas Inlet opening communicating 
with the inlet chamber, the outlet opening communicat- 
ing witii the outiet chamber, the inlet chamber having a 
conical shaped lower portion containing the porous el- 

20 ement, the porous element being spaced from the bot- 
tom closure portion. 

[0016] These bubblers may be constructed of any 
suitable material, such as glass, poly(tetrfiuoroethylene) 
or metal, as long as the material is inert to the organo- 

25 metallic compound contained therein. Metals are pre- 
ferred, and particularly nickel alloys and stainless steels. 
Suitable stainless steels include, but are not limited to, 
304. 304 L. 31 6, 31 6 L, 321 , 347 and 430. Suitable nickel 
alloys include, but are not limited to. INCONEL, MONEL, 

30 HASTELLOY and the like. It will be appreciated by those 
skilled in the art that a mixture of materials may be used 
in the manufacture of the present bubblers. 
[0017] The porous element is typically a frit having a 
controlled porosity. Porous elements having a wide va- 

35 riety of porosities may be used in the present invention. 
The particular porosity will depend upon the a variety of 
factors well within the ability of one skilled in the art. Typ- 
feally, the porous element has a pore size of from about 
1 to about 1 00 microns, preferably from about 1 to about 

^ 10 mtorons. However, porous elements having porosi- 
ties greaterthan ICQ microns may be suitable for certain 
applications. Any material may be used to construct the 
frit provided it is inert to the organometallic compound 
used and the desired porosity can be controlled. Suita- 

45 ble materials include, but are not limited to, glass, poly 
(tetrf luoroethylene) or metals such as stainless steels 
or ntokel alloys. It is preferred that the porous element 
is sintered metal, and more preferably stainless steel. 
The suitable stainless steels and nk:kel alloys suitable 

50 for preparing tiie porous element are those described 
above for the manufacture of the bubbler. 
[001 8] The porous element is contained in the conical 
lower portion of the inlet chamber. The porous element 
retains the solkJ organometallic precursor in the inlet 

55 chamber and ttie combination of the conical section and 
porous element provides a restriction for the gas flow. 
This restrk^n affords unifonm carrier gas flow through 
the packed solid organometallk: precursor. The conical 
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section enhances the movement of solid precursor with- 
in the bubbler and directs the solid material onto the po- 
rous, i.e. fritted, surface. This is particularly important 
towards the end of the bubbler life and improves the 
yield from the bubbler. The conical section of the lower 
portion of the inlet chamber may be of any angle, such 
as from 1 to 89 degrees. Preferably, the conical section 
has an angle of about 60 degrees or greater 
[0019] The size of the porous element is not critical. 
For example, the porous member may be a disk having 
a diameter of about 1 inch (2.54 cm) and a thickness of 
about 0.125 inches (0.32 cm). In an alternative embod- 
iment, the porous element may have an inner tube con- 
centric with its outer diameter. 
[0020] The cross-sectional dimension of the bubbler 
is critical to the performance of the cylinder, otherwise 
the dimensions of the bubbler are not critical and are 
dependent upon the carrier gas flow, the precursor com- 
pound to be used, the parttoular chemk:al vapor depo- 
sition system used and the like. The cross-sectional di- 
mension determines at a given pressure and flow rate 
the linear velocity of the gas in the cylinder, whk:h In turn 
controls the contact time between the precursor material 
and earner gas and thus saturation of the carrier gas. 
Typically, the bubbler has a cross-sectional dimension 
of about 2 inches (5 cm) to about 6 inches (15 cm). The 
other dimensions for a particular bubbler are thus well 
within the ability of one skilled in the art. 
[0021] A wide variety of organometallic compound 
precursors may be used with the bubblers of the present 
invention. While solid or liquid organometallic precur- 
sors may be used with the present bubblers, it is pre- 
ferred that solid organometallic precursors are used. 
Suitable organometallic precursors include, but are not 
limited to, cyclopentadienyl magnesium, trialkyi alumi- 
num such as trimethyl aluminum and triethyl aluminum, 
trialkyi gallium such as trimethyl gallium and triethyl gal- 
lium, trialkyi antimony such as trimethyl antimony, dime- 
thyl hydrazine, trialkyi indium such as trimethyl indium, 
and the like. It is preferred that the organometallic pre- 
cursor is cyclopentadienyl magnesium and trialkyi indi- 
um and more preferably trimethyl Indium. Such organo- 
metallic precursors are generally commercially availa- 
ble from a variety of suppliers. 
[0022] Any suitable carrier gas may be used with the 
present bubblers as long as it does not react with the 
organometallk: precursor. The particular choice of car- 
rier gas depends upon a variety of factors such as the 
organometallk: precursor, the partbular chemical vapor 
deposition system employed and the like. Suitable car- 
rier gasses include, but are not limited to, hydrogen, ni- 
trogen, argon, helium and the like. Hydrogen is pre- 
ferred. The carrier gas may be used with the present 
bubblers at a wide variety of flow rates. Such flow rates 
are a function of the bubbler cross-sectional dimension 
and pressure. Larger cross-sectional dimensions allow 
higher carrier gas flows, i.e. linear velocity, at a given 
pressure. For example, when the bubbler has a 2 inch 



cross-sectional dimension, carrier gas flow rates of up 
to about 500 seem may be used, although higher gas 
flow rates may be used. The carrier gas flow entering 
the bubbler, exiting the bubbler or both entering and ex- 
s Iting the bubbler may be regulated by a control means. 
Any conventional control means may be used, such as 
manually activated control valves or computer activated 
control valves. 

[0023] In general, the organometallic precursor com- 

10 pound is added to the bubbler inlet chamber through a 
fill port In the top portion of the bubbler. In use. the bub- 
bler may be used at a variety of temperatures. The exact 
temperature will depend upon the particular precursor 
compound used and desired application. The tempera - 

'5 ture controls the vapor pressure of the precursor com- 
pound, which controls the flux of the material needed for 
specific growth rates or alloy compositions. Such tem- 
perature selection is well within the ability of one skilled 
In the art. For example, when the organometallic pre- 

20 cursor compound is trimethyl indium, the temperature 
of the bubbler may be from about 10* to at>out 60* C. 
preferably from about 35* to about 55*. and more pref- 
erably from about 35* to about 50* C. The present bub- 
blers may be heated by a variety of heating means, such 

25 as by placing the bubbler in a thermostatic bath, by di- 
rect immersion of the bubbler in a heated oil bath or by 
the use of a halocarison oil flowing through a metal tube, 
such as a copper tube, surrounding the bubbler. 
[0024] The carrier gas enters the bubbler inlet cham- 

30 ber through the inlet opening at the top of the bubbler. 
The canier gas then passes through the organometallic 
precursor and picks-up vaporized precursor to fomfi a 
gas stream including vaporized precursor admixed with 
canier gas. The amount of vaporized precursor ptoked- 

35 up by the carrier gas may be controlled. It is preferred 
that the carrier gas is saturated with vaporized precur- 
sor. The carrier gas is then directed by means of a con- 
ical shaped lower portion of the inlet chamber to a po- 
rous element located at the tip of the conical section. 

40 The carrier gas exits the inlet chamber through the po- 
rous element to the outlet chamber which is in fluid con- 
tact with the inlet chamber. The carrier gas then exits 
the outlet chamber through the outlet opening and is di- 
rected to a chemical vapor deposition system. The bub- 

45 biers of the present Invention may be used with any 
chemical vapor deposition system. 
[0025] Fig. 1 illustrates a conventional dip-tube bub- 
bler design of the type disclosed in U.S. Patent No. 
4,506.815 Including ah elongated cylindrical container 

so 1 , an inlet tube 2 for delivering carrier gas. and an outlet 
tube 3 for exhausting the precursor vapor which termi- 
nates in a dip-tube 4 which extends into the precursor 
material contained in the vessel. 
[0026] Fig. 2 illustrates cross-sectional view of a bub- 

55 bier of the present Invention having an annular design. 
In this embodiment, an elongated cylindrical container 
10 having an inner surface 11 defining a substantially 
constant cross-section throughout the length of cylinder 
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10. a top closure portion 1 5 and a bottom closure portion 
16 having a flat Inner bottom portion 17. Top closure por- 
tion 15 has fill port 18, inlet opening 19 and outlet open- 
ing 20. Inlet tube 12 and outlet tube 13 communicate 
with inlet opening 19 and outlet opening 20 respectively. 
In closure portion 15 of the container. Canier gas flow 
entering the container through Inlet tube 12 is regulated 
by control valve CV1 . Carrier gas flow exiting the con- 
tainer through outlet tube 13 is regulated by control 
vahfe CV2. The lower end of the inlet opening 19 com- 
municates directly with inlet chamber 25 having a coni- 
cal shaped lower portion 21. Inlet chamber 25 and out 
let chamber 30 are in fluid communication by means of 
porous member 14. Porous member 14 is located at the 
tip or bottom of the conical section 21 of the inlet cham- 
ber. Outlet opening 20 communicates directly with outlet 
chamber 30. 

[0027] Fig. 2A shows a cross-section through A of the 
conical section 21 of the lower portion of the inlet cham- 
ber 25 of the bubbler of Fig. 2. including porous element 
14. 

[0028] Carrier gas enters the container through inlet 
tube 12 and into inlet chamber 25 containing the orga- 
nometallic precursor. The canier gas picks up the va- 
porized organometaliic precursor to fonn a gas stream. 
The gas stream exits the inlet chamber 25 through po- 
rous element 1 4 and enters outlet chamber 30. The gas 
stream then exits the outlet chamber 30 through outlet 
opening 20 into outlet tube 13 and then is directed into 
a chemical vapor deposition system. 
[0029] Fig. 3 illustrates cross-sectional view of a bub- 
bier of the present invention having a non-annular de- 
sign. In this embodiment, an elongated cylindrical con- 
tainer 1 0 having an Inner surface 1 1 defining a substan- 
tially constant cross-section throughout the length of cyl- 
inder 10, a top closure portion 15 and a bottom closure 
portion 16 having a flat inner bottom portion 17. Top clo- 
sure portion 15 has fill port 1 8. inlet opening 1 9 and out- 
let opening 20. Inlet tube 12 and outlet tube 13 commu- 
nicate with inlet opening 19 and outlet opening 20 re- 
spectively. In closure portion 15 of the container. Carrier 
gas flow entering the container through Inlet tube 12 Is 
regulated by control valve CV1 . Carrier gas flow exiting 
the container through outlet tube 1 3 Is regulated by con- 
trol valve CV2. The lower end of the inlet opening 19 
communicates directiy with inlet chamber 25 having a 
center tube 31 concentric to its outer diameter and a 
conical shaped lower portion 21. Inlet chamber 25 and 
out let chamber 30 are in fluid communication by means 
of porous member 14. Porous member 14 is located at 
the tip or bottom of the conical section 21 of the inlet 
chamber. Outlet opening 20 communicates with outlet 
chamber 30 by means of center tube 31 . 
[0030] Fig. 3A is shows a cross-section through A of 
the conical section 21 of the lower portion of the inlet 
chamber 25 of the bubbler of Fig. 3, including porous 
element 14 and center tube 31 . 
[0031] Carrier gas enters the container through inlet 



tube 12 and Into inlet chamber 25 containing the orga- 
nometaliic precursor. The carrier gas picks up the va- 
porized organometaliic precursor to fonn a gas stream. 
The gas stream exits the inlet chamber 25 through po- 

5 rous element 1 4 and enters outlet chamber 30. The gas 
stream then passes through center tube 31 and exits 
the outlet chamber 30 through outlet opening 20 into 
outiet ttjbe 1 3 and then is directed into a chemical vapor 
deposition system. 

10 [0032] While the present invention may be used at a 
variety of system pressures, an advantage of the 
present invention is that lower pressures may be used. 
The bubblers of the present invention have the addition- 
al advantage of providing bubblers having uniform car- 

is rier gas flow through the packed solid organometallk: 
precursor. The conical sections of the present bubblers 
also enhance the movement of solid precursor within the 
bubbler and direct the solid material onto the surface of 
the element. 

^ [0033] The non-annular bubbler design of the present 
invention has the further advantage of having improved 
heat transfer. The single wall of the non-annular design 
and the lack of an annular space leads to improved heat 
transfer. The center tube of the non-annuiar design af- 

25 fords additional heat transfer to the center of the solid 
precursor material. Such non-annular design provides 
a more consistent operation temperature. 



30 Claims 

1. A device for providing vaporized organometaliic 
compound to a chemk:al vapor deposition system 
comprising a vessel having an elongated cylindrical 

35 shaped portion having an inner surface defining a 
substantially constant cross-se(^ion throughout the 
length of the cylindrbal portion, a top closure por- 
tion, a bottom closure portion, and inlet and outlet 
chambers in fluid communication and separated by 

40 a porous element, the top closure portion having a 
fill plug and a gas inlet opening, the fill plug and gas 
inlet opening communicating with the inlet chamber, 
the outlet opening communicating with the outlet 
chamber, the inlet chamber having a conical 

45 shaped lower portion containing the porous ele- 
ment, the porous element being spaced from the 
bottom closure portion. 

2. The device of daim 1 wherein conical shaped sec- 
so tion has an angle of about 60 degrees or greater. 

3. The device of claim i wherein the porous element 
is a frit. 

55 4. The device of claim 3 wherein the frit is sintered 
metal. 

5. The device of claim 1 wherein the porQus memt)er 
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has a pore size of from about I to about 1 00 microns. 

6. The device of claim 1 wherein the inlet chamber has 
an annular design. 

5 

7. The device of daim 1 wherein the inlet chamber has 
a non-annular design. 

8. The device of claim 7 wherein the porous element 
has a concentric inner tube. io 



9. A method for providing organometallic precursor 
compound in the vapor phase to a chemical vapor 
deposition system comprising the steps of: a) Intro* 
ducing an organometallic precursor compound into 
the device of claim 1 ; b) heating the organometallic 
precursor compound; c) passing a carrier gas 
through the organometallic precursor compound to 
provide a gas stream containing vaporized organo- 
metallic precursor compound; and d) delivering the 20 
gas stream to a chemical vapor deposition system. 

10. The method of daim 9 wherein the organometallic 
precursor is selected from cyclopentadienyl mag- 
nesium, triallcyl aluminum, trialkyl gallium, trialtcyt 25 
antimony, dimethyl hydrazine, or trialkyl Indium. 

1 1 . The method of daim 1 0 wherein the organometallic 
precursor is selected from cyclopentadienyl mag- 
nesium or trialkyl Indium. 30 

12. The method of claim 11 wherein the organometallic 
precursor is trimethyl indium. 

13. The method of claim 11 wherein the organometallic 35 
precursor is heated at a temperature in the range 

of from about 10** to about 60"* C. 



14. The method of daim 9 wherein the carrier gas is 
selected from hydrogen, nitrogen, argon or helium. 40 

15. An apparatus for chemical vapor deposition of an 
organometallic precursor compound comprising the 
device of daim 1. 

45 
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